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1. Introduction  
In telecommunication industry, field resources had many tasks to visit customers and have 
provided network provisioning services. In the meantime, the amount of tasks and the 
diversity of customer's needs were overwhelming and the available human resources were 
not sufficient. To solve this problem, many telecoms had transformed field environment into 
ubiquitous environment. Thus, the resources carried a portable hand held device so that 
they could get detail information of the tasks and could transmit the results of the task at 
anywhere after they finished the task. Also, they could enable or disable the operation of 
network interfaces remotely. Furthermore, telecoms had adopted work team based 
appointment reservation system to manage the human resource’s schedules. By using this 
system, call center operators could take customer calls, arrange appointments, and assign 
the tasks to work teams for service provisioning. And each resource could retrieve the task 
which was assigned to its team. 
However, this system has several disadvantages. First, the operators can not know precise 
time when the resource can visit the customer site. Second, the resources retrieve tasks 
which were assigned to their team by themselves so that the tasks might not be distributed 
evenly. Third, if an urgent task, which should be done quickly, has assigned to a team, work 
managers should find suitable resources quickly because there is no time to wait until the 
resources retrieve the task by them selves. However, work managers do not have enough 
information to decide which resources would be the best to finish the task quickly. 
There have been many studies about resource scheduling. Since a resource should visit a 
customer site, modeling this problem can be treated as a vehicle routing problem (Laporte et 
al., 2000). To find a near optimal solution for this, CVRPTW(Capacitated-Vehicle Routing 
Program with Time Window) (Schumitt et al., 2004) and the fast local search and guided 
local search (Tsang & Voudouris, 1997) which simplifies a complicated real world problem 
to a similar simple well-known theoretical model were suggested. However, these static 
scheduling approaches were not efficient in dynamic environment. British Telecom had 
suggested several dynamic scheduling method, such as dynamic scheduling (Lesant et al., 
2000) and dynamic scheduler for work manager (Lesant et al., 1998), but they were not 
suitable for the operators who should arrange visiting time and assign tasks in real time. We 
propose an individual resource scheduling system especially to address resource scheduling 
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challenge in ubiquitous and dynamic environment for provisioning multimedia services at 
telecom. 
2. Resource scheduling problem  
Previously, telecoms had used a work team based scheduling system which was assigning 
tasks to work teams as described in Fig. 1. When a customer requests a service, an operator 
in a call center searches suitable work teams. Those work teams should have been in charge 
of the work regions which includes the customer site because work regions are managed by 
work teams. Also, the total number of allocated tasks of the teams should not exceed 
maximum allocation count. To prevent concentrated allocations to a team, maximum 
allocation counts are managed by team hourly. After the operator selected a suitable team 
among the teams which satisfying a work region constraint and a maximum allocation 
count constraint, the task is assigned to the team so that any available resources in the team 
can dispatch the task and offers the service to the customer. While they are processing their 
tasks, work managers are monitoring the progress of the tasks, and re-schedule the delayed 
task if necessary. 
However, as we mentioned before, this scheduling approach has several disadvantages 
since the scheduling process is based on the work team. Therefore, we propose individual 
resource based scheduling process which assigns tasks to the resource directly as described 
in Fig 1. In this process, when a customer requests a service, the operator searches suitable 
resources to deliver the service. Since work regions are managed by resources in this 
process, the selected resource should have been in charge of the work region which includes 
the customer site. Work regions are small enough not to make the resources travel for a long 
time. Also, the resources that have available time slot can be chosen by the system to assign 
the task and the time slot is managed per 15 minutes. 
3. System architecture  
To tackle individual resource scheduling challenge, we designed the system architecture as 
shown in Fig. 2. The Schedule Visualizer works as an interface between operators and the 
scheduling system and visualizes the schedules of resources. It gets schedule data from the 
Schedule Manager after the Schedule Manager computes an optimal solution for selecting 
the resources using the Human Resource Manager, the Task Duration Estimator, and the 
Driving Time Estimator. The resources input their day off, holiday duty, night shift, and 
business trip information to the Human Resource Manager. The Task Duration Estimator 
estimates the duration of a task before the reousrce actually does the task. Also, the Driving 
Time Estimator estimates the resource’s moving time from one customer site to another 
before they actually move. 
3.1 Task Duration Estimator 
When a customer requests a service to a call center operator, the operator should be able to 
estimate the duration of the task to reserve the resource’s schedule. Arrival time of the 
resource can be easily known since a customer wants specific visit time. However, the finish 
time of the task is hard to estimate since the duration of a task can vary with the resource’s 
experience, service type, and provided network facilities. 
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(a) The work flow of the work team based scheduling scheme 
 
(b) The work flow of the individual resource based scheduling scheme 
Fig. 1. The work flow comparisons between previous and suggested schemes 
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Fig. 2. System Architecture 
The Task Duration Estimator can estimate the duration of a task by using statistical data. It 
calculates and stores the mean duration of previous tasks for each task type and resource. 
The task types can be classified by the service and the network facility. The multimedia 
services includes POTS, broadband, IP TV, and VoIP. And the network facilities are 
classified into FTTH, hybrid FTTH, xDSL, IP-xDSL, and Fast Ethernet. Furthermore, the 
duration can be varied by the day of the week and a time zone. The time zone is classified 
into forenoon, afternoon, and night. As a result, the mean duration µ(n)dur is managed by 
resource ID, the service type, the facility type, the day of the week, and the time zone. And it 
is calculated as follows: 
 
(1) 
τ(i)ft means the time when the resource had completed the ith task and it can be obtained 
when the resource had finished its task and sent the result to the system. τ(i)at means the 
time when the resource had arrived at a customer site for the ith task and it can be obtained 
when the resource had arrived at a customer site and notify the system of its arrival time. 
Whereas n is the total number of tasks with same resource ID, service type, facility type, day 
of the week, and time zone in latest one month. 
3.2 Driving Time Estimator  
Even though call center operators can estimate the duration of the task by using the Task 
Duration Estimator, they should also consider departure time of the resource from a 
previous customer site. Therefore, they should also estimate the time to travel from a 
previous customer site to a next customer site. However, the driving time is hard to estimate 
since it can vary with moving distance, moving velocity. Also, there can be many 
uncertainties such as weather and traffic conditions. 
The Driving Time Estimator estimates the driving time of the resource from one customer 
site to another by using statistical data. It calculates and stores mean velocity for each 
resource. The velocity of a resource for ith task υi can be calculated as follows: 
 
(2) 
δi means the previous resource’s driving distance from i-1th customer site to ith site. To find 
δi, we used a Geographic Information System (GIS) with traffic function enabled. Since we 
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can get the addresses of customers, the Driving Time Estimator converts the addresses to 
coordinates and computes the driving distance between two points by using GIS. Like the 
Task Duration Estimator, the driving time can be varied by the day of the week and a time 
zone. As a result, the mean µ(n)vel velocity is managed by resource ID, the day of the week, 
and the time zone. And it is calculated as a harmonic mean (Bian & Tao, 2008) like an 
equation (3). 
 
(3) 
n is the total number of tasks with same resource ID, day of the week, and a time zone in 
one month. If a resource started the first task on a day, τ(0)ft means nine O’clock since they 
had started their work at that time. Also, δ1 means the distance from their local office to a 
customer site. Therefore, when an operator wants to assign a task to a resource, the Driving 
Time Estimator calculates the distance from the current location of the resource to the 
location of the tasks by using a GIS. Also it can estimate the driving time by dividing the 
mean velocity µ(n)vel into the distance. 
3.3 Human Resource Manager  
The Human Resource Manager manages a day off, a holiday duty, a night shift, and 
business trip information of the resources. It is used for searching the available resources at 
a specific date by the Schedule Manager. If they had a day off or a business trip on a certain 
day, they are excluded from a resource pool at that time. On the other hand, if they put in a 
holiday duty or the night shift, they are included in the pool at that time. 
3.4 Schedule Manager  
Call center operators should search a suitable resource when they assign a task. If they 
choose a resource without any consideration at their convenience, they can not manage 
resource’s schedule efficiently. However, finding a suitable resource by themselves is hard 
due to there are many factors to consider. 
The Schedule Manager searches a near optimal resource for a task. It uses find_resource() 
algorithm to find a solution. The input value of the algorithm consists of τ(i)at, service type, 
and work region. These values can be obtained while the operator talks over with a 
customer. It uses the Driving Time Estimator and the Task Duration Estimator to estimate 
the departure time and finish time for each resource. Also, the Human Resource Manager is 
used for excluding resources that don’t work on weekday and including resources who 
work on holiday or at night. 
3.5 Schedule Visualizer  
Call center operators should be able to identify and monitor resource’s schedule. The 
Schedule Visualizer displays resource’s schedule and interacts with the operators. It 
represents the schedule as a Gantt Chart so that the operator can identify the status of the 
tasks. It also helps the work managers identify the task that is not likely to be completed on 
time so that they can rearrange the next task of the resource. 
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Algorithm find_resource() 
4. Implementation 
The resource scheduling system consists of PC client, PDA client, application server, EAI 
server, and database server as shown in Fig. 3. 
 
 
Fig. 3. Implementation 
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The PC client is used by call center operators and work managers at local offices. They can 
get a suitable resource when assigning a task to a resource. They can also monitor the 
current status of the tasks whether there are delayed tasks. It is implemented as C/S method 
on .NET framework. 
Field resources use the PDA clients when they process their tasks. They notify the 
application server of their arrival time and finish time by using the client. If an operator has 
assigned a task to a resource, the application server sends a short message to the client so 
that they can recheck their schedule and retrieve detail information from the server by using 
the client. The PDA client communicates with the application server on WiBro or 
CDMA2000 1x or EVDO network. It uses Windows Mobile .NET platform and MS SQL CE 
2.0 DBMS. And it is implemented with C# .NET. 
The Driving Time Estimator and the Task Duration Estimator and the Schedule Manager 
and the Human Resource Manager are implemented in the application server as COM+ 
components. The server communicates with other systems or the clients via the EAI server. 
BizTalk Server 2004 is used for the EAI server. Both servers operate on Windows Server 
2003 platform and load balanced by using L4 switch and protected by a firewall. Server 
applications are implemented with C# .NET. 
The database server stores tasks, schedules, and resources information from the application 
server and it uses MS SQL Server 2005 as a DBMS. Periodically executed stored procedures 
are registered as SQL Server jobs for calculating and storing the average durations of the 
tasks and the average driving velocities of the resources. 
The system has been used at a telecom in Korea for scheduling field resources in specific 
area. To analize the efficiency of the system, we compared density distribution between 
previous and suggested scheme as shown in Fig. 4. The density distribution shows how 
many resources have done how many tasks in a day. The data were collected for one month, 
three times. The number of resources and tasks in the figure were modified for security 
reasons. Fig. 4 (a) shows the distribution of work team based scheduling scheme. We can 
identify that most resources can process 3~5 tasks in a day. Fig. 4 (b) shows the distribution 
of individual resource based scheduling scheme. We can identify that most resources can 
process 5~7 tasks in a day. Thus the resources can process about 2 more tasks in this 
environment. Therefore, we conclude that the resource can process more tasks by using our 
system. 
 
 
Fig. 4. The density distribution comparisons between work team based scheduling scheme 
and resource based scheduling scheme 
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5. Conclusion  
We proposed the resource scheduling system for multimedia service provisioning in 
ubiquitous environment. To solve this problem, we designed five modules which are the 
Task Duration Estimator, the Driving Time Estimator, the Schedule Visualizer, the Human 
Resource Manager, and Schedule Manager. They were implemented in a telecom, and the 
resources at the telecom could process more tasks after adopting the system. As a future 
work, we will improve the system to solve not only telecom’s resource scheduling problem 
but also other resource scheduling problems. 
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